The VA Program of Comprehensive Assistance for Family Caregivers (PCAFC) provides landmark support for family caregivers of post-9/11 veterans. This study examines PCAFC support for veterans with and without PTSD and assesses whether program effect differs by PTSD status using a pre-post, non-equivalent, propensity score weighted comparison group design (n = 24,280). Veterans with and without PTSD in PCAFC accessed more mental health, primary, and specialty care services than weighted comparisons. PCAFC participation had stronger effects on access to primary care for veterans with PTSD than for veterans without PTSD. For veterans with PTSD, PCAFC support might enhance health service use.
Introduction
Family members perform a significant service caring for veterans with severe physical, mental, and cognitive impairments. In the U.S., 1.1 million family members provide care for veterans who served after September 11, 2001 (Ramchand et al. 2014) . In recognition of the importance of these individuals to the wellbeing of many veterans, the U.S. Congress enacted P.L. 111-163, the Caregivers and Veterans Omnibus Health Services Act of 2010, which established the Program of Comprehensive Assistance for Family Caregivers (PCAFC) in the Department of Veteran Affairs (VA). The program is a landmark effort to support family caregivers 1 of veterans seriously injured in the line of duty on or after September 11, 2001 and improve the recovery trajectory of these veterans. Caregivers enrolled in PCAFC participate in a mandatory training addressing topics related to self-care, caregiving skills, managing challenging behaviors, and VA resources. PCAFC caregivers also receive a stipend, access to mental health services, respite care, and travel support. Further, caregivers without health insurance are eligible for VA healthcare coverage under CHAMPVA (Civilian Health and Medical Program of the Department of Veteran Affairs). PCAFC families also receive an initial home visit, quarterly contacts via home, telephone or telehealth, and an annual home visit from VA healthcare providers; during these home-based visits and contacts, providers may give veterans referrals to needed health services. All veteran family caregivers, including those not enrolled in PCAFC, have access to Caregiver Support Coordinators, the Caregiver Support Line, an interactive website, respite care services (benefits are more limited than those awarded to PCAFC caregivers), and mental health services (when indicated as part of the veteran's treatment plan) (Miller et al. 2015; Van Houtven et al. 2017) .
While recent work examined the overall effect of PCAFC participation on veteran service use (Van Houtven et al. 2017) there is also a need to assess whether these effects are different among veteran sub-populations. If specific groups benefit more than others, program administrators and staff can target outreach efforts and tailor program services to meet the needs of groups for whom the program has relatively greater benefits. The present study examines whether there are differences in program effects and access to outpatient services between veterans with a posttraumatic stress disorder (PTSD) diagnosis compared to veterans without PTSD.
PTSD is highly prevalent (73%) among veterans whose caregivers are enrolled in PCAFC (Van Houtven et al. 2017) . Further, research suggests that post-9/11 veterans with PTSD have substantial unmet mental and physical health needs (Elbogen et al. 2013; Tanielian and Jaycox 2008) . Veteranperceived barriers, including negative treatment bias, stigma, and PTSD symptoms (e.g. avoidance) are related to underuse of care (Elbogen et al. 2013; Hoge et al. 2008) . Among veterans with self-reported mental health concerns, fewer than half reported interest in seeking mental health care and only 23-40% actually used psychiatric services (Hoge et al. 2008) even though VA provides mandatory PTSD screening and evidenced-based mental health treatment (Karlin et al. 2010) . Therefore, many veterans do not receive enough treatment visits to qualify as evidence-based psychotherapy (Seal et al. 2010; Tanielian and Jaycox 2008) . Veterans with PTSD also have more physical health needs than veterans without PTSD that require medical care (Frayne et al. 2011; Hoge et al. 2007 ). Family members might provide instrumental (i.e. care coordination, transportation to medical appointments) (Van Houtven et al. 2011 ) and emotional support, thereby increasing access to health services and treatment engagement for veterans with PTSD (Gros et al. 2013 ).
Thus, supporting family members of VA-users who meet the diagnostic criteria for PTSD is a potential strategy to narrow health service gaps specific to veterans with a PTSD diagnosis.
A few studies have considered the impact of policy interventions for family caregivers on outcomes for care recipients with cognitive limitations and severe mental illness (Van Houtven et al. 2011) . However, no literature has examined the effect of such institutional policies and supportive services for family members on health service outcomes of individuals with PTSD in the civilian or veteran population (Shepherd-Banigan et al. 2017) . Currently, interventions to support family caregivers are limited to tax credits in certain states, Medicaid Home and Community-based waiver funds (Alliance for the Betterment of Citizens with Disabilities 2016), and small scale training programs (Feinberg and Newman 2006) . The PCAFC is the first national effort to systematically provide supports and services to qualifying family caregivers to improve outcomes for care recipients. This study is part of a comprehensive initiative to examine the effect of the PCAFC on caregiver outcomes, including veteran access to service, veteran and caregiver wellbeing, and caregiver perspectives about the use and value of the PCAFC. Papers that present information about caregiver outcomes and perspectives are forthcoming. The present study uses a retrospective study design to examine whether the PCAFC has a differential impact on access to outpatient health services among veterans with and without PTSD. Specifically, this study examines three related questions: (1) is a PTSD diagnosis associated with the probability of receiving mental health, primary care, and specialty care outpatient services among veterans in the sample? (2) is PCAFC participation associated with probability of receiving mental health, primary care, and specialty care outpatient services among veterans in the sample? And, (3) does PTSD diagnosis moderate the relationship between participation in the PCAFC and receipt of mental health, primary care and specialty care outpatient health services?
It is hypothesized that PCAFC participation will increase access to, and therefore use of, outpatient care for individuals with PTSD through several potential mechanisms. First, the mandatory caregiver training might improve the ability of a caregiver to navigate the VA health care system. Second, the quarterly visits and contacts might result in immediate referrals to services for unmet needs. Third, increased access to care for the caregiver might improve his/her health and ability to address the veteran's service needs. Finally, the stipend might enhance the caregiver's ability to accompany the veteran to health care appointments. However, it is unclear whether PTSD status will moderate the effect of the program on the probability of receiving outpatient services. Individuals with PTSD have unmet needs (Elbogen et al. 2013; Hoge et al. 2008) , and moderation could occur if the program specifically targeted mechanisms to address those unmet needs. Moderation could also occur if the groups had different levels of unmet need and the program simply increased the proportion of need that was met in both groups. Veterans with PTSD do use more services than veterans without PTSD (Calhoun et al. 2002; Frayne et al. 2011 ), but it is unclear whether the two groups differ in terms of unmet needs.
Methods

Study Design, Sampling Frame, and Analytical Sample
This study uses a retrospective, pre-post, non-equivalent comparison group design to examine if PCAFC participation has a differential impact on the odds of outpatient health service use among veterans by PTSD status. Baseline was defined as the date of application to the PCAFC for each veteran and applying caregiver in the study and established the pre-post timeframe in the analytic models.
The sampling frame included individuals who applied to the PCAFC between May 1, 2011 and March 31, 2014; to be included in the treatment group, individuals needed to have applied and been approved by March 31, 2014. Family caregivers are eligible for the PCAFC if they provide care for a veteran family member or friend who sustained serious injury in the line of duty on or after September 11, 2001 and the veteran needs caregiver assistance to perform activities of daily living or needs supervision and protection due to the residual effects of his/her war-related injuries for a minimum of 6 months . It is probable that veterans with a traumatic injury (e.g. spinal injury, traumatic brain injury) would have co-occurring PTSD and be more likely to require caregiver assistance. Caregivers were denied PCAFC services more often on the basis of administrative (n = 4913/8626) as opposed to clinical (3713/8626) reasons, such as caring for a veteran injured before September 11, 2001 or caring for a veteran with an illness not related to military service. Specifically, based on administrative records, of the 8626 individuals denied, 13% were denied because they did not serve in the post-9/11 era and 5.5% were denied because they had a non-service related illness. It is possible that reasons for denial, including not having a qualifying service-related injury, would make the treatment and comparison groups less equivalent. In this case, these applicants would not have been excluded from the comparison arm of our study, although statistical methods to account for such differences were applied. Veterans and caregivers not approved for the program were provided standard VA benefits, including case management, and/or home and community-based services if clinically eligible, as well as the standard VA family caregiver services and supports described above.
The analytical sample was subject to additional exclusion criteria. Veterans were excluded from the treatment group if their caregiver was enrolled in the program for fewer than 90 consecutive days (because of disenrollment or possibly death), and from the study if their identification number could not be matched to VA data, were over the age of 65 years as of 9/1/2001, had a home zip code outside of the US or Puerto Rico at the time of application (veterans with a Puerto Rico zip code were included), or had a missing Nosos score. The Nosos score is a comorbidity index developed for VA-users (Online Appendix A) (Wagner et al. 2016) . Our exclusion criteria were designed to ensure that the comparison group resembled the treatment group. Therefore, we also excluded from the comparison group individuals who at the time of application were older than 68, the oldest age of anyone who applied and was approved for PCAFC participation. For greater detail about inclusion/ exclusion criteria, please see (Van Houtven et al. 2017) . The treatment group comprised veterans whose caregiver applied to and was approved for participation in the PCAFC. Median time between application and approval date was 54 days. The comparison group was comprised of veterans whose caregiver applied to the PCAFC during the same timeframe, but was determined to be ineligible. This comparison group was chosen because veterans had a caregiver that self-identified as needing support. 
Data
Variables
Three outpatient access to care outcomes were examined: (1) any VA-provided or VA-purchased outpatient mental health service use; defined by an algorithm using mental health diagnosis codes and/or clinic stop codes (designation used by VA to identify workload) (McCarthy and Blow 2004) ; (2) any VA-provided specialty care; defined by a medical specialty clinic stop codes (e.g., allergy immunology, dermatology, diabetes, cardiology, nephrology, hepatology, etc.); (3) any VA-provided primary care; defined using VA primary care clinic stop codes. Specialty care did not include visits to primary care, mental health clinics, respite care, adult day health, or institutional care. VA-purchased care is care paid for by VA and provided in the community by non-VA providers; VA-purchased care was only defined for mental health care because those services were identified using a mental health diagnosis code whereas primary and specialty care were identified by VA-specific clinic stop codes pertaining only to VA-provided care.
Each service outcome described above was measured as a binary indicator of service use during each of eight 6-month intervals; application date was the index date for each participant. Two 6-month periods occurred prior to application date so that we could compare pre-post application date trends. Service use for veterans who died during a specific interval was included in the analysis, but the veteran was subsequently censored. Death rates were low (< 1%) and were similar in the treatment and comparison groups. Application dates differed among caregivers; therefore, the number of post-application intervals varied by veteran and ranged from one to six. Due to varying application dates, fewer veterans had the full 36-month follow-up compared with veterans who had at least 12 months of follow-up, but all veterans had at least one 6-month follow-up interval (Online Appendix B). Other than a small number of deaths, there was no loss to follow up. Veterans not receiving any VA or VA-purchased care were considered to have received no care.
Treatment was defined as the veteran's caregiver having ever been accepted into the PCAFC. The moderating variable, PTSD diagnosis, was defined by the presence of an ICD-9 code (309.81) in VA medical files in the year prior to and including the application date.
Propensity Score Weighting
This analysis relied on observational data in which caregivers of veterans were not randomized to receive PCAFC support, therefore, baseline differences in veteran characteristics between program participants and non-participants were observed. To address observed baseline differences between participants and non-participants, propensity score weights were applied to the analytic models (Austin and Stuart 2015; Rubin 1974 Rubin , 2010 . We constructed the propensity score weights to balance characteristics between veterans who were accepted and those not accepted into the PCAFC; specifically, variables used to construct propensity score weights were chosen to account for observable factors that influenced eligibility and service use outcomes, such as veteran need, prior health service use, caregiver/veteran relationship, demographic characteristics, and institutional factors (Table 1) .
Propensity scores were estimated within PTSD diagnosis strata (Green and Stuart 2014) (Online Appendix A). Individuals in the comparison group were assigned weights based on how representative their characteristics were of individuals in the treatment group to enhance observed comparability across the two groups. The purpose of this evaluation was to assess the effect of the PCAFC on those enrolled, therefore the average treatment effect among the treated (ATT) was of primary interest. To estimate the ATT, individuals in the treatment group were assigned a weight of 1 and individuals in the comparison group were assigned a weight of (propensity score)/(1 − propensity score). To assess overlap on observed baseline covariates, graphical depictions of the propensity score distribution and standardized differences stratified by treatment group and PTSD diagnosis were examined (Online Appendix C). To further improve balance, individuals whose propensity scores did not overlap with scores observed in the other treatment group were trimmed from the sample (Austin 2009 ). Thus, individuals in the PTSD diagnosis group who had a propensity score > 0.95 or < 0.25 and individuals in the no PTSD diagnosis group with a propensity score > 0.95 or < 0.10 were excluded from the sample [total trimmed n = 662 (3%); comparison n = 480 (5%); treated n = 182 (1%)]. Propensity score trim thresholds differ by PTSD status because the propensity score model was estimated within PTSD diagnosis strata. The final analytical sample included 15,654 veterans in the treatment group (n = 11,510 with PTSD; n = 4144 without PTSD) and 8626 veterans in the comparison group (n = 4941 with PTSD; n = 3685 without PTSD) (Online Appendix D).
Analytic Strategy
Generalized linear models were fit using generalized estimating equations (GEEs) with a logit link, binomial variance structure, and empirical sandwich standard errors. At the suggestion of the reviewer, we also fit log binomial models (Spiegelman and Hertzmark 2005; Williamson et al. 2013 ) (i.e., binomial variance structure with a log link) using GEEs with the otherwise same specification as described below to produce risk ratios. Logistic regression models are a standard analytic approach to binary outcome data and are consistent with the analyses presented in related papers (Van Houtven et al. 2017) , and thus we report the results from the logistic regression models. The results of the log binomial models produced slightly different results and are available from the authors.
Service use outcome models included a term for treatment, PTSD diagnosis, time dummy coded for each 6-month interval and all possible two-and three-way interaction terms. Models were weighted by the propensity score weights, defined above, to estimate both (1) differences in probability of receiving outpatient services at baseline and over time by PTSD status for veterans enrolled and not enrolled in PCAFC and (2) the effect of 
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Number of VA primary care clinic stops in 6 months prior to application, mean (SD) For discrete variables, where P T and P C refer to the proportion of the treatment group and the proportion of the comparison group, respectively, having a given characteris-treatment on the probability of receiving outpatient services for veterans with and without a PTSD diagnosis. To test the hypotheses of research questions 1 and 2 stated in the Introduction, four joint score tests were conducted for each service use outcome (i.e. score tests for PTSD effect within each treatment arm and score tests for treatment effect within PTSD subgroup). Joint score tests for PTSD effect within each treatment arm (research question 1) and treatment effect within PTSD subgroups (research question 2) included two-way interactions between all six postapplication time periods and treatment or PTSD status. These models were also used to estimate whether baseline PTSD diagnosis moderated the association between program participation and service use outcomes (research question 3). To test the hypothesis of question 3 that there was a difference in program effect between individuals with and without a baseline PTSD diagnosis over time on the odds of each outpatient service use outcome, a joint score test of the sum of the PTSD and PCAFC interaction and each three-way interaction term incorporating the effect of PTSD, treatment, and post-application time period was conducted. As a sensitivity analysis suggested by the reviewer, we also conducted joint score tests consisting solely of each three-way interaction term incorporating the effect of PTSD, treatment, and post-application time period. This is equivalent to testing whether baseline PTSD diagnosis moderated the association in a differencein-difference analysis, comparing the difference within each treatment-PTSD status group between the proportion incurring service use at each follow-up time point with the proportion incurring in the first 6-month time interval prior to application and assessing whether this difference-in-difference differed by baseline PTSD diagnosis. A statistically significant Chi Square statistic would suggest that PTSD diagnosis modified the association in at least one time point while controlling for an inflated type 1 error rate by simultaneously testing multiple time points.
Trends in access to care are presented in graphical form and represent the weighted model-estimated proportions and associated 95% confidence intervals (CIs) for the three types of service outcomes by treatment condition and PTSD diagnosis over time. The modeled associations between program participation and any of each type of outpatient service use are represented by odds ratios (OR) and associated 95% CIs. To improve comparability of health service use by treatment group, the graphs display model-estimated proportions and ORs by PTSD-subgroup.
We conducted a sensitivity analysis where the small number of individuals who died during the follow up period were removed from the analytical models. Statistical significance levels set at 0.05; SAS 9.4 and SAS Enterprise Guide 7.1 were used (SAS Institute Inc., Cary, NC). This work was a quality improvement project for VA operational partners in
Assessed in the year prior to and including application date Table 1 (continued) the VA Caregiver Support Program and was not subject to VA Internal Review Board review.
Results
Descriptive
At baseline prior to weighting, veterans in the PCAFC were slightly younger, used more health services, had higher levels of service connection, and had more pain-and mental health-related diagnoses. Further, a higher proportion of veterans in PCAFC were White, Hispanic, and male (Table 1) . PTSD diagnosis was more prevalent among veterans enrolled in the PCAFC (74% in treatment group, 57% of comparison group). The vast majority (98%) of veterans with a PTSD diagnosis had at least one additional physical or mental health comorbidity. Rates of any mental health service use at baseline were highest among veterans with PTSD. See Online Appendix E for number of outcome events at each time point.
Most variables achieved greater overlap across treatment group after propensity score weights were applied; all weighted standardized differences were well below ten (Online Appendix A, Table 2a ), and weighted pre-application trends (12-1 months prior to application date) in service use between treated and comparisons were not statistically different across PTSD strata.
Outcome Models
Mental Health Service Use
Regardless of treatment condition, a higher proportion of veterans with a PTSD diagnosis used any mental health services during at-least one time point than veterans without a PTSD diagnosis (Table 2; Fig. 1 ). Among veterans with PTSD and without PTSD, those in the treatment group were more likely to use any mental health services than those in the comparison group (Table 1; Fig. 2) . However, the association between participation in the PCAFC and any mental health service use was not moderated by PTSD diagnosis (Table 2) .
Primary Care Service Use
Regardless of treatment condition, veterans with PTSD had a higher likelihood of any primary care service use (Table 2 ; Fig. 3 ). Among veterans with PTSD and without PTSD, those in the treatment group were more likely to use any primary care compared with veterans in the comparison group (Table 2 ; Fig. 4) . Further, PTSD diagnosis did moderate the association between participation in PCAFC and any primary care use (Table 2) ; this result was confirmed in the difference-in-difference sensitivity analysis.
Specialty Service Use
Independent of treatment condition, veterans with PTSD had a statistically significant higher probability of any specialty care use over time (Table 2 ; Fig. 5 ). Among veterans with PTSD and without PTSD, those in the treatment group were more likely to use any specialty care after baseline compared with veterans in the comparison group (Table 2; Fig. 6 ). However, the association between program participation and any specialty service use was not moderated by PTSD diagnosis when testing all time points jointly (Table 2) .
Sensitivity Analysis
Results from the sensitivity analysis without the individuals who died during follow up were nearly identical to results from the main models. 
Discussion
This study examined the associations between PTSD diagnosis and the odds of outpatient service use, PCAFC participation and the odds of outpatient service use, and whether PTSD diagnosis moderated the association between PCAFC participation and the odds of outpatient service use. Results indicate that veterans with PTSD may have a higher likelihood of accessing services compared to veterans without PTSD, which is consistent with prior work (Calhoun et al. 2002) . This is important considering that veterans with a PTSD diagnosis may have a greater need for mental and physical health care compared to veterans without PTSD (Crawford et al. 2015; Elbogen et al. 2013; Frayne et al. 2011; Schnurr and Green 2004; Tanielian and Jaycox 2008) . Participation in PCAFC was also associated with an increased use of any outpatient mental health, primary care, and specialty care for veterans with PTSD. Hence, these findings suggest that engaging family members in VA through multiple means, including education, interaction with VA Caregiver Support Coordinators, etc. may be an important mechanism by which to address barriers to treatment initiation and possibly adherence problems observed among post 9/11 service era veterans (Crawford et al. 2015; Elbogen et al. 2013 ).
However, this study did not identify a differential effect of PCAFC participation on access to outpatient services among veterans with PTSD, except for primary care. First, it is possible that there was no differential unmet need for mental and specialty health services between veterans with and without PTSD. We assumed that veterans with PTSD would have higher unmet health care needs than veterans without PTSD because PTSD symptoms are related to poor treatment-seeking behaviors (Hundt et al. 2014; Ouimette et al. 2011; Spoont et al. 2014) . However, within the Department of Defense (DoD) and VA there exist multiple opportunities for individuals with PTSD to be screened and ushered into VA services, increasing the likelihood that veterans with PTSD are already engaged in these services. Second, PCAFC participation was related to higher use of any primary care services for veterans with PTSD. While veterans with PTSD in this sample more frequently accessed health care services than veterans without, it is possible that veterans with PTSD have a higher medical burden (Frayne et al. 2011; Hoge et al. 2007; Possemato et al. 2010 ) and may have a greater unmet need for primary care services that is addressed through family engagement in PCAFC. If this is the case, it is possible that referrals through programrelated eligibility visits and/or increased PCAFC caregiver knowledge about primary care services may have increased 
Limitations and Strengths
Several limitations must be considered. First, as the comparison group was defined by their exclusion from PCAFC, we assume that the comparison and treatment groups are systematically different. Second, it is possible that the propensity score method did not address unobserved confounding associated with this non-equivalent comparison group. Potential unmeasured confounders may have included education, income, employment status, and caregiver health. While our team considered other methodologies to address unobserved confounding, such as instrumental variable estimation, with concerns about identifying a valid instrument, propensity score methods were determined to be the most practical approach. The balance (between PCAFC and non-PCAFC veterans and by PTSD strata) in service use trends prior to application suggests that unobserved differences were likely not present at baseline, reducing concerns that unobserved differences were associated with the outcomes (Brooks and Ohsfeldt 2013) . Also, our dataset is extremely rich and we used over 70 variables to construct the propensity score. Third, due to varying application dates, few individuals contributed 3 years of post-application data and this may have hindered the ability to detect significant moderation effects in later time periods (Online Appendix E). Fourth, PCAFC provides quarterly program visits/contacts to all PCAFC participants, yet there is not a specific clinic stop code to designate these program-related visits/contacts. While subsequent work will entail exploring avenues to better identify program-related visits, through close collaboration with operational partners, we identified and systematically excluded visits that corresponded to the codes most commonly used to designate initial eligibility and quarterly visits, specifically home-based primary care. Nevertheless, study outcomes might still include some program-driven care, thus overstating the observed association between PCAFC participation and service use. Fifth, as we used electronic health record data, we were unable to assess whether increased access resulted in high value and needed care, improved health outcomes, and improved veteran and caregiver-reported outcomes, such as satisfaction, quality of life and wellbeing. Another paper is forthcoming that uses survey data to assess the relationship between PCAFC participation and caregiver-reported satisfaction with care and Odds ratios (with 95% confidence limits) associated with having specialty care visits by PTSD status depressive symptoms. Finally, we were unable to examine the underlying mechanisms linking program participation and access; therefore, future research is needed to examine the effect of PCAFC participation on health and recovery outcomes and to understand the underlying mechanisms that link family member support with increased service use for veterans with PTSD. However, this analysis uses rigorous comparative effectiveness methods to address an important gap in the evidence about how support for family members might increase health service use for individuals with PTSD.
Conclusions
Consistent with goals outlined in VA's Blueprint for Excellence (Veterans Health Administration 2014) to increase innovative patient-centered care, VA committed an exceptional amount of resources to support family caregivers as they aid the recovery and reintegration of post-9/11 veterans. This study is the first to explore the impact of VA support for caregivers on health service use among veterans with PTSD. For many veterans with a PTSD diagnosis, informed and supportive family members could be a key resource to promote recovery. In fact, the results of this study indicate that while PCAFC may not increase access more for veterans with PTSD relative to veterans without PTSD for some services, veterans with PTSD experience increased use of health care as a result of PCAFC services for family members. However, more evidence is needed to understand how policies that support family members of individuals with mental illness outside of the VA could be targeted to maximize positive health and recovery outcomes.
